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. 
PREFACE 

A t  t h e  e a r t h ' s  su r f ace  t h e  geomagnetic f i e l d  d r i f t s  slowly west-  

ward wi th  time. This  d r i f t  has  been observed f o r  t h e  pas t  t h r e e  cen- 

t u r i e s .  It sugges ts  t h a t  t he  e a r t h ' s  c e n t r a l  c o r e ,  t he  s e a t  of t he  

e a r t h ' s  f i e l d ,  r o t a t e s  more slowly than  t h e  s o l i d  mantle and c r u s t  

above. 

The present  s tudy  i s  one of a s e r i e s  intended t o  improve p red ic t ions  

of t he  s t r e n g t h  of the  geomagnetic f i e l d  and p red ic t ions  of t he  f i e l d  

p a t t e r n s  -- both  of which dominate the  d i s t r i b u t i o n  of t h e  e a r t h ' s  

r a d i a t i o n  b e l t s .  The s t u d i e s  should a l s o  a s s i s t  i n  the  es t imates  of 

magnetic f i e l d s  of o the r  p l a n e t s .  

This  work was supported by t h e  Nat iona l  Aeronautics and Space 

Adminis t ra t ion.  The au tho r ,  who is a consu l t an t  t o  The RAND Corporat ion,  

i s  c u r r e n t l y  s tudying  on a Fulbr ight  s cho la r sh ip  i n  Germany. 
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ABSTRACT 

The rate  of westward d r i f t  of t h e  geomagnetic f i e l d  f o r  epoch 1960 

i s  c a l c u l a t e d  by use  of t he  method of a leas t - square  f i t .  The d r i f t s  

of t h e  inagnetic p o t e n t i a l  and of t he  r a d i a l  magnetic f i e l d  a r e  ca lcu-  

l a t e d  a t  t he  s u r f a c e  of t he  e a r t h  and a t  t he  su r face  of t h e  e a r t h ' s  

f l u i d  co re ,  and the  d iscrepancies  between the  d i f f e r e n t  va lues  obtained 

are explained.  It i s  shown t h a t  t h e  va lue  f o r  the  d r i f t  of t he  r a d i a l  

magnetic f i e l d  a t  t he  e a r t h ' s  core (. 155'/yr westward) should provide 

t h e  b e s t  e s t ima te  of t h e  d r i f t  of t he  f l u i d  a t  t h e  s u r f a c e  of the  core .  
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I. INTRODUCTION 

Severa l  writers have shown t h a t  the  e a r t h ' s  magnetic f i e l d  appears 

t o  d r i f t  westward. As e a r l y  as 1692, Hal ley noted t h a t  t he  pos i t i ons  

of i sogonic  l i n e s  on magnetic cha r t s  moved westward a t  about 0.5 /y r .  

Bu l l a rd ,  e t  a? .  (1950) determined t h e  apparent s h i f t  of t h e  f i e l d  a long  

c i r c l e s  of l a t i t u d e  between the  years  1907.5 and 1945, and found a r e -  

s u l t a n t  average d r i f t  ra te  of 0.18'/yr westward. Vest ine (1952) e s t i -  

mated 0.2g0/yr f o r  westward motion of the e c c e n t r i c  d ipo le .  Yukutake 

(1962) performed a d e t a i l e d  s tudy of t he  l a t i t u d i n a l  and long i tud ina l  

dependence of t h e  westward d r i f t  and found t h a t  most of t h e  s e c u l a r  

change could be accounted f o r  by the d r i f t .  

the  magnetic f i e l d ,  he found a mean d r i f t  of 0.20°/yr westward. 

0 

Using the  Y-component of 

Hal ley  remarked t h a t  t h e  core  of t he  e a r t h  appeared t o  r o t a t e  more 

s lowly than  the  su r face  of t he  ear th .  

Yukutake, and o t h e r s  who have ca l cu la t ed  t h e  d r i f t  of t h e  magnetic f i e l d  

have i n f e r r e d  t h a t  t he  d r i f t  is d i r e c t l y  r e l a t e d  t o  a westward motion 

of t h e  e l e c t r i c a l l y  conducting f l u i d  a t  t he  su r face  of the  e a r t h ' s  core .  

S i m i l a r l y ,  Bul la rd ,  e t  a l . ,  

It i s  my present  purpose t o  examine more c l o s e l y  t h e  r e l a t i o n  be- 

tween t h e  westward d r i f t  of t he  magnetic f i e l d  and t h e  d r i f t  of f l u i d  

i n  the core .  

t h e  method of a leas t - square  f i t ,  and show how t h e  va lue  obta ined  de- 

pends on t h e  d i s t a n c e  from t h e  e a r t h ' s  core  a t  which t h e  d r i f t  i s  

ca l cu la t ed .  

t i o n  of t he  d r i f t  of t he  magnetic f i e l d  a t  t he  core  su r face  r ep resen t s  

t h e  mean westward motion of t he  f l u i d  a t  t he  su r face  of t he  core .  

I n  Sec t ion  I1 I c a l c u l a t e  t h e  d r i f t  of t h e  f i e l d  us ing  

I n  Sec t ion  I11 I w i l l  cons ider  how accura t e ly  t h e  ca l cu la -  
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11. CALCULATIONS OF THE WESTWARD DRIFT 

I f  a s c a l a r  q u a n t i t y ,  such as t h e  geomagnetic p o t e n t i a l  V ,  i s  

def ined  on the  su r face  of a sphere as  a func t ion  of t h e  c o l a t i t u d e  0 ,  

e a s t  longi tude A, and time t ,  a d r i f t  ra te  W (e) ( i n  r a d i a n s / u n i t  t i m e )  

i n  t h e  A-direct ion can be found by us ing  t h e  method of l e a s t  squares  

as  follows: 

V 

av V ( g ,  A, t + d t )  - V ( 0 ,  A-Wvdt, t )  = d t  [z + Wv E1 

We want t o  f i n d  W v ( e )  such t h a t  t he  express ion  i n  Eq. (l), when square-  

i n t e g r a t e d  around a c i r c l e  of l a t i t u d e ,  w i l l  b e , a  minimum, i . e . ,  

This  gives 

I f  w e  want t o  f i n d  only a uniform ( la t i tude- independent )  d r i f t  r a t e  f o r  

t h e  whole sphere ,  

should be taken over the  whole sphere i n s t e a d  of around a c i r c l e  of 

l a t i t u d e :  

i t  i s  e a s i l y  seen  t h a t  t he  i n t e g r a l s  i n  Eq. (2)  
DVJ  

av av ss at x da 

J- (gf) da 

D = -  
V 2 

S 

The geomagnetic p o t e n t i a l  can be expanded i n  the  s e r i e s  

(3 )  
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w n  n+l 

V ( r , O , A , t )  = a C C (:) [g:(t) cos m i  + h:(t) s i n  m i ]  P:(cos e )  
n=l  m=O 

where a i s  t h e  rad ius  of t he  e a r t h ,  r i s  t h e  r a d i a l  d i s t a n c e  from t h e  

c e n t e r  of t h e  e a r t h ,  P (cos 0 )  i s  a Schmidt-normalized a s soc ia t ed  

Legendre polynomial of degree n and o r d e r  m ,  and g:(t) and h:(t) a r e  

proper ly  chosen c o e f f i c i e n t s .  I f  t he  conduc t iv i ty  of t h e  e a r t h ' s  c r u s t  

and mantle i s  s m a l l  enough, Eq. ( 4 )  i s  v a l i d  down t o  t h e  su r face  of t h e  

core .  The t i m e  d e r i v a t i v e  of Eq. ( 4 )  gives  

m 
n 

where gm and lim are t h e  c o e f f i c i e n t s  of s e c u l a r  change. Furthermore,  n n 

av av S u b s t i t u t i n g  t h e s e  series expansions f o r  at and ah i n t o  Eq. (2), we 

o b t a i n  

--n -n-  n=l  n ' = l  m=1 

where N i s  t h e  smal le r  of n o r  n ' .  

t i o n  t o  c a l c u l a t e  d r i f t s  a t  t h e  e a r t h ' s  su r f ace  f o r  var ious  l a t i t u d e s .  

Yukutake (1962) has  used t h i s  equa- 

It i s  a l s o  of i n t e r e s t  t o  ca l cu la t e  t h e  d r i f t  by use of t he  r a d i a l  

component of t h e  magnetic f i e l d ,  B i n s t e a d  of t h e  magnetic p o t e n t i a l ,  r '  
V. The equat ions f o r  t h i s  d r i f t ,  analogous t o  Eqs. (2) and ( 3 ) ,  a r e  



a 

and 

The series expansion for B is r 

so that 

Equations (7) and (11) are rather complicated functions of r and 8 .  

For my purposes, it is sufficient to calculate only the uniform latitude- 

independent drift, using E q s .  (3) and (9), which become 

m m  2n 
hm - hn gn) 1 m n  

n=l m=l 
2n 

C c - 2n+l 1 (=I r m (g, m2+h;2) 
m n  

n=l m=l 

c c -  2n+l (2) r m(gn 

m m  w n  

n=l m=l 
.m hm - fin gn) m(gn n 

03 

(n+1)2 (=)2n m2(g; + hm 2, 
2n+l r n c 

n=l m=l 
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It i s  Seen t h a t  Eq. (13) p laces  more emphasis on higher-degree ( l a r g e r  

n) terms i n  c a l c u l a t i n g  the  d r i f t  than  does Eq. ( 1 2 ) .  It i s  a l s o  seen 

t h a t  t h e  d r i f t s  Dv and DB a re  dependent on t h e  d i s t a n c e  from t h e  c e n t e r  

of t h e  e a r t h ,  r. Ins t ead  of consider ing the  d r i f t  of t he  whole f i e l d ,  

w e  can look a t  the  d r i f t s  of d i f f e r e n t  components s epa ra t e ly .  Thus, 

t h e  mean d r i f t  of a l l  harmonics of an  ind iv idua l  degree,  n ,  can be 

found from Eqs. (12) o r  (13) by s e t t i n g  a l l  g:'s, h n t s ,  g:'s, and Ii:'s 

equal  t o  ze ro  except those  of t he  degree of n under cons idera t ion .  

d r i f t ,  d ( n ) ,  i s  the  same whether Eq. (12) o r  (13) i s  used: 

m 

This  

This d r i f t  i s  independent of r ,  as would be expected,  s i n c e  i t  repre-  

s e n t s  a mean r o t a t i o n  of n mult ipoles  of t he  same degree,  t h e  f i e l d s  of 

which a l l  have t h e  same r-dependence. 
2n I n  Eqs. (12) and (13) it i s  seen t h a t  because of t h e  f a c t o r  ( a / r )  , 

higher-degree terms w i l l  become more important i n  determining D 

a s  w e  approach t h e  e a r t h ' s  core.  In  f a c t ,  because of t h i s  f a c t o r ,  i t  

i s  no t  permiss ib le  t o  assume t h a t  the series i n  Eqs. (12) and (13) w i l l  

converge a t  t he  s u r f a c e  of t he  core.  

and DB 
V 

I n  o rde r  t o  o b t a i n  q u a n t i t a t i v e  r e l a t i o n s  showing which degrees  of 

V o r  B are most important i n  determining t h e  d r i f t  a t  d i f f e r e n t  l e v e l s ,  

we can  de f ine  weighting f a c t o r s  in such t h a t  
r 

where C i  = I  
n n 

It i s  e a s i l y  seen t h a t  i f  V i s  used t o  determine t h e  d r i f t ,  
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and i f  Br is used t o  determine t h e  d r i f t ,  

2n n 
‘7) c m’(g: + hm n ’) 

(n+1)2 a 

m = l  
2n n 

2n+l 

n n m= 1 

These weighting f a c t o r s  a r e  dependent on r and on the  magnetic f i e l d  

c o e f f i c i e n t s ,  but a r e  independent of t h e  s e c u l a r  change c o e f f i c i e n t s .  

Since i t  would not  be expected t h a t  

w i l l  vary g r e a t l y  wi th  t ime,  n e i t h e r  should the  weight ing f a c t o r s  vary 

appreciably over a per iod of t ime. 

i n  Eqs. (12) and (13) does not  n e c e s s a r i l y  converge, and so the  use fu l -  

ness of t hese  equat ions might be quest ioned.  Phys ica l  cons ide ra t ions  

would lead u s  t o  expec t ,  however, t h a t  t he  high-degree components of 

t he  secu la r  change a r e  due mainly t o  loca l i zed  motions i n  the  co re ,  and 

thus the information given by these  c o e f f i c i e n t s  regard ing  o v e r a l l  

d r i f t s  of the  core  f l u i d  i s  obscured. It seems j u s t i f i a b l e ,  t h e r e f o r e ,  

t o  terminate  t h e  s e r i e s  a t  a f i n i t e  va lue  of n i n  o rde r  t o  exclude 

secular  change components t h a t  a r e  mainly due t o  these  loca l i zed  motions. 

Since da ta  f o r  the s e c u l a r  change c o e f f i c i e n t s  a r e  a v a i l a b l e  only f o r  

degrees t o  n = 6 ,  I have terminated the  s e r i e s  i n  E q s .  (12) and (13) 

a t  t h i s  value i n  my c a l c u l a t i o n s .  

As previous ly  s t a t e d ,  the  s e r i e s  

The var ious  va lues  of i d ( n ) ,  and D l i s t e d  i n  Table 1 were n’ 
obtained from the da t a  of Hendricks and Cain (1966) f o r  epoch 1960. 

The values  of the  d r i f t s  d(n)  and D obtained by use of E q s .  (12) ,  (13 ) ,  

and (14) a r e  m u l t i p l i e d  by -57.3, so t h a t  they a r e  expressed as  degrees /  

y r  westward, i n s t ead  of r ad ians /y r  eastward. Because t h e  s e c u l a r  change 

c o e f f i c i e n t s  f o r  n = 5 and n = 6 a r e  poorly known, t h e  d r i f t s  of t he  

n = 5 and n = 6 components of t he  f i e l d  a r e  r a t h e r  unce r t a in .  Table 1 

a l s o  includes ca l cu la t ed  va lues  of t he  d r i f t  i n  the  case where Br i s  
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used a t  the  co re  s u r f a c e ,  f i r s t  l eav ing  Out t e r m s  i n  n = 6 (column 9), 

and next leav ing  out  terms i n  both n = 5 and n = 6 (column 10). 

been observed t h a t  a t  the  s u r f a c e  of the e a r t h  the  d i p o l e  component of 

t he  f i e l d  d r i f t s  much more slowly than  t h e  nondipole component. 

f a c i l i t a t e  comparison of my c a l c u l a t e d  d r i f t s  wi th  those  c a l c u l a t e d  by 

o the r s  f o r  t he  nondipole f i e l d ,  I have repea ted  my c a l c u l a t i o n s  f o r  the 

nondipole components of t he  f i e l d  by l eav ing  out  terms i n  n = 1 i n  a l l  

summations over n (columns 2 ,  4 ,  6 ,  and 8) .  

It has  

To 

TWO observa t ions  can be made on t h e  b a s i s  of Table 1. F i r s t ,  t h e  

d r i f t s  d(n) of t h e  d i f f e r e n t  components of t he  f i e l d  a r e  not  i n  good 

agreement. This  sugges ts  t h a t  types of motion o t h e r  t han  a simple 

westward d r i f t  a r e  important i n  t h e  e a r t h ' s  core .  

t he  dipole  component could be explained i f  t he  a c t u a l  d r i f t  were around 

some axis  c lose  t o  the  geomagnetic axis of t h e  e a r t h ,  i n s t e a d  of around 

t h e  geographic a x i s .  However, a c a l c u l a t i o n  of t h e  d r i f t  of t he  va r ious  

nondipole components about t h e  geomagnetic axis gave r e s u l t s  no t  s i g n i -  

f i c a n t l y  d i f f e r e n t  from those  i n  Table 1, and t h e  d r i f t s  were i n  no 

b e t t e r  agreement than  those  i n  Table 1. Second, i t  i s  seen  t h a t  t he  

weighting f a c t o r s  f o r  t he  higher-degree components become q u i t e  l a r g e  

a t  the  core  s u r f a c e ,  more s o  when B i s  used than  when V i s  used i n  r 
f ind ing  the  d r i f t .  As w i l l  be c l e a r  from Sect ion  111, t he  c a l c u l a t i o n  

of t he  d r i f t  where Br i s  used a t  t he  core  su r face  (columns 7 ,  8 ,  9 ,  and 

10) i s  phys i ca l ly  t h e  most meaningful of t he  d r i f t s  i n  Table 1. And 

y e t  the c a l c u l a t i o n  of t h i s  d r i f t  rel ies most heav i ly  on t h e  poorly 

known d a t a  f o r  t he  higher-degree s e c u l a r  change c o e f f i c i e n t s .  Thus, 

The small d r i f t  of 

i f  t h e  ~ F ' S ,  fi5's, m g6 am,  , and fim's were w e l l  known, the va lue  f o r  t he  6 
d r i f t  given a t  t h e  bottom of column 7 ( . lOlO/yr) should be our  b e s t  

es t imate  of t h e  d r i f t  of f l u i d  i n  the core ;  a c t u a l l y  our  b e s t  estimate 

may be t h e  va lue  i n  column 10 (.155O/yr), which i s  based on only t h e  

better-known da ta .  
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111. RELATION OF THE DRIFT OF THE GEOMAGNETIC FIELD 

TO THE DRIFT OF FLUID I N  THE CORE 

Westward d r i f t s  such a s  those c a l c u l a t e d  above should provide us 

wi th  soze information about motions of the  f l u i d  i n  the  core  of t h e  

e a r t h .  These motions a r e  governed by the  equat ion  

where 0 i s  t h e  e l e c t r i c a l  conduct iv i ty  of t h e  f l u i d .  

term of t h i s  equat ion ,  V B/4ro, i s  s m a l l  i n  comparison wi th  the  o the r  two 

terms,  

I f  t h e  d i f f u s i o n  
2- 

* 
t h e  f l u i d  motions a r e  approximately governed by t h e  equat ion  

- =  v x (; x S) a t  

The r a d i a l  component of Eq. (19) a t  t he  su r face  of t h e  core  (where 

v = 0) is  r 

For  an  incompressible  f l u i d ,  V v = 0, and Eq. (20) can  be w r i t t e n  - 

I n  Eq. (20), a zonal  v e l o c i t y  uh,  which i s  independent of longi tude ,  

can be separa ted  from the  r e s t  of the v e l o c i t y  p a t t e r n .  

de f ine  

Thus i f  we  

* 
F l u i d  mot'ons w i l l  s t r o n g l y  d i s t o r t  t he  magnetic f i e l d  wi th in  t h e  

co re ,  so  t h a t  V B/4rrU may be comparable i n  magnitude t o  t h e  o t h e r  two 
terms i n  Eq. (18). But r e t e n t i o n  of t h i s  d i f f u s i o n  term seve re ly  com- 
p l i c a t e s  t he  a n a l y s i s ,  and so  i t  i s  ignored. 

h- 
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Vhl = Vh - UA 

Eq. ( 2 0 )  can be written 

r Uh 1 a B  

at r sin e ah - +  

r ' aB 
r ae r sin e ah - - - -  ve aBr "h - 

which, for an incompressible fluid, becomes 

r V h l  aB - av 
- - - - e  

Uh - =  aBr a B  

at r sin e ah 
- 

Br a, r ae r sin e ax ':+ 

A drift rate s(e) (in radians/unit time) can be defined as 

where u is chosen to make x 

vA1 dx = 0 
0 

Then 

Equation (24) is now 

r v~ aBr VA' - a B  r a, - - - - -  - r aBr a B  

Br ar r 30 r sin a h  - + s(0)  ax - at 

It is desired to find s(e )  in terms of known quantities (e.g., the co- 
efficients gn, hn, gn, and Em) without going through the trouble of m m .m 

n 
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* 

f i n d i n g  v and v A ' .  e 
Mul t ip ly ing  both s i d e s  of Eq. (28) by dBr/aA and i n t e g r a t i n g  around a 

c i r c l e  of l a t i t u d e ,  w e  get  

An approximate s o l u t i o n  of t h i s  s o r t  i s  poss ib l e .  

Consider t h e  f i r s t  i n t e g r a l  on the right-hand s i d e  of Eq. (29) .  

B 

Since 
2 
r i s  a s ingle-valued quan t i ty  on the  su r face  of t h e  co re ,  

jm 'iir) 
2 

dh = 0 
0 

A t  p resent  we have no phys ica l  reason t o  expect av  / a h  t o  be c o r r e l a t e d  

wi th  a(Br)/aA, s o  t h a t  t h e  "most expected" va lue  of t h e  i n t e g r a l  
r 2 

0 

i s  zero.  S imi l a r  arguments show tha t  t he  "most expected" va lues  of 

t h e  o t h e r  two i n t e g r a l s  on t h e  right-hand s i d e  of Eq. (29) w i l l  a l s o  be 

ze ro ,  when i t  is  noted t h a t  
* 

* 
I n  making t h i s  s ta tement ,  it is  assumed t h a t  a B  /a8, a B r / a h ,  and 

v are uncorre la ted .  However, i f  hydromagnetic o s c i l f a t i o n s  such a s  
t a o s e  proposed by Hide (1966) a r e  important i n  t h e  e a r t h ' s  c o r e ,  a B  /a& 
a B  / a h ,  and v may be i n t e r r e l a t e d  t o  some degree ,  and t h e  s ta tement  

t h a t  t h e  "most expected" va lue  of 
0 2n V8 a B r  aBr  r 

- - - dh i s  ze ro  would not  r ae a h  
n e c e s s a r i l y  be c o r r e c t .  0 
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However, such arguments cannot be used f o r  t h e  i n t e g r a l s  on t h e  l e f t -  

hand s ide  of Eq. (29). 
a B  /a, are c o r r e l a t e d ;  i t  i s  t h i s  c o r r e l a t i o n  t h a t  produces the  "west- 

ward d r i f t . "  And (aBr/aX) i s  always a p o s i t i v e  q u a n t i t y ,  s o  t h a t  t h e  

i n t e g r a l  

Phys ica l  observa t ions  show t h a t  a B  / a t  and r 

2 r 

2 2n a B  2 

0 0 
J2n s ( e )  [2) dX = s(0 )  [$] dh 

w i l l  not tend  t o  be zero  un le s s  s(9 )  i s  zero .  

Kahle, Ves t ine ,  and B a l l  (1966) have found v e l o c i t y  p a t t e r n s  t h a t  

s a t i s f y  Eq. (20), and t h e i r  numerical  r e s u l t s  show t h a t  t y p i c a l  va lues  

of the  terms i n  Eq. (28) a r e  of t h e  same order  of magnitude. Then 

from the cons idera t ions  above, we would expect t he  i n t e g r a l s  on t h e  

r ight-hand s i d e  of Eq. (29) t o  be apprec iab ly  smaller than  the  i n t e -  

g r a l s  on t h e  le f t -hand  s i d e .  We can  thus  w r i t e  

This  is e s s e n t i a l l y  the  same as Eq. (8). To f i n d  t h e  mean ( l a t i t u d e -  

independent) d r i f t  f o r  t h e  whole sphere ,  S, uh can be  redef ined  s o  t h a t  

uA = S r s i n  8 (31) 

while  r equ i r ing  t h a t  

so t h a t  

da = 0 V h '  

JS r s i n  e 

da s =-J 1 
r s i n  8 4nr2 s 

(33) 
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It is easily seen, using arguments similar to those used when finding 

an approximate solution for s ( 0 ) ,  that 

This is essentially identical to Eq. (9), which was used to calculate 

the drifts in columns 7, 8, 9 ,  and 10 of Table 1. The expression for 

S in Eq. ( 4 )  should be much more accurate than the expression for s(0) 

in Eq. ( 3 0 )  because integrals over the entire surface of the core of 

a(B2)  avr quantities such as 
1 r  --- 
2 a h  ar 

will have a much stronger tendency to be small or zero than do integrals 

around a circle of latitude. 
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I V .  SUMMARY AND DISCUSSION OF RESULTS 

The westward d r i f t  of t h e  geomagnetic f i e l d  has  been c a l c u l a t e d  by 

t h e  method of a l ea s t - squa re  f i t ,  appl ied  t o  both t h e  geomagnetic poten- 

t i a l ,  V, and the  r a d i a l  component of the magnetic f i e l d ,  

shown q u a n t i t a t i v e l y  how the  c a l c u l a t i o n  of t he  d r i f t  w i l l  y i e l d  d i f -  

f e r e n t  va lues ,  depending on what va lue  of a / r  i s  used. 

if t h e  d r i f t  of t h e  nondipole f i e l d  i s  c a l c u l a t e d  a t  t h e  s u r f a c e  of 

t h e  e a r t h ,  as  Bul la rd ,  e t  a l .  (1950) and Yukutake (1962) have done, t h e  

va lue  obtained w i l l  be dominated by the  d r i f t  of harmonics of degree 

n = 2. Because the  mean d r i f t  of harmonics of degree n = 2 i s  l a r g e r  

than  the mean d r i f t  of harmonics of any o the r  degree,  t h e  c a l c u l a t i o n  

of t he  d r i f t  of t he  nondipole f i e l d  a t  t he  su r face  of t h e  e a r t h  w i l l  be 

unrepresenta t ive  of t h e  d r i f t  of t h e  f i e l d  a s  a whole. On t h e  o t h e r  

hand, i f  t h e  d r i f t  of t h e  f i e l d  i s  c a l c u l a t e d  a t  t he  s u r f a c e  of t h e  core ,  

higher-degree components of t he  f i e l d  tend t o  dominate. Because of un- 

c e r t a i n t i e s  i n  t h e  da t a  of t h e  higher-degree s e c u l a r  change c o e f f i c i e n t s ,  

t h e  d r i f t  thus found may a l s o  be un rep resen ta t ive .  A compromise was 

made by c a l c u l a t i n g  the  d r i f t  a t  t h e  core  wi th  B r ,  us ing  degrees  only 

through n = 4 .  

. It w a s  Br 

It i s  seen  t h a t  

It w a s  a l s o  shown, by use of the  "frozen f i e l d "  concept ,  t h a t  t h e  

d r i f t  a t  t h e  core  of t h e  r a d i a l  component of t he  magnetic f i e l d  provides  

a good e s t ima te  of t he  d r i f t  of t h e  e l e c t r i c a l l y  conducting f l u i d  a t  

t he  core su r face .  

It was noted,  however, t h a t  t h e  e f f e c t s  of a f i n i t e  conduc t iv i ty  

i n  the  e a r t h ' s  mant le ,  d i f f u s i o n  of t he  magnetic f i e l d  w i t h i n  the  co re ,  

and la rge-sca le  hydromagnetic o s c i l l a t i o n s  w i l l  modify t h e  accuracy of 

ca l cu la t ed  va lues  f o r  t h e  d r i f t  of t h i s  f l u i d .  

On the  assumption t h a t  t h e  l a rge - sca l e  d r i f t  f e a t u r e s  can be found 

by consider ing magnetic f i e l d  and s e c u l a r  change components of degrees 

only through n = 4 ,  t h e  b e s t  e s t ima te  of t h e  westward d r i f t  of t he  core  

w a s  found t o  be 0.155'/yr. 



I c 

-15 - 

REFERENCES 

Bullard, E. C., C. Freedman, H. Gellman, and J. Nixon, "The Westward 
Drift of the Earth's Magnetic Field," Phil. Trans. Roy. SOC., 243-A, 
1950, pp. 67-92. 

Halley, E., "On the Cause of the Change in the Variation of the Magnetic 
Needle; With an Hypothesis of the Structure of the Internal Parts of 
the Earth," Phil. Trans. Roy. SOC. , 2, 1692, pp. 470-478. 

Hendricks, S. J., and J. C. Cain, "Magnetic Field Data for Trapped- 
Particle Evaluations,'! J. Geophys. Res., 2, 1966, pp. 346-347. 

Hide, R., "Free Hydromagnetic Oscillations of the Earth's Core and the 
Secular Variation,'' Phil. Trans. Roy. SOC., 259, 1966, pp. 615-650. 

Kahle, Anne B., E. H. Vestine, and R. H. Ball, Estimated Surface Motions 
of the Earth's Core, The RAND Corporation, RM-5091-NASA, August 1966. 

Vestine, E. H. , "On Variations of the Geomagnetic Field, Fluid Motions , 
and the Rate of the Earth's Rotation," Proc. Nat. Acad. Sci., 38, 
1952, pp. 1030-1038. 

Yukutake, T., "The Westward Drift of the Magnetic Field of the Earth," 
Bull. Earthquake Res. Inst. , 40, 1962, pp. 1-65. 


